Background: Serum tryptase (ST) decreases during long-term venom immunotherapy (VIT). ST also exhibits a circadian variation, with a small decrease after sting challenge. Both findings have been related to successful VIT. Objective: To assess whether variation (increase or decrease) in ST on the first day of VIT is associated with the likelihood of future systemic adverse reactions (SARs) during treatment. Methods: We prospectively studied patients who underwent cluster VIT, which was continued for at least 6 months. ST was measured on the first day of VIT, before the first dose (pre-IT tryptase) and after the last dose (post-IT tryptase). Differences between patient groups (with and without SAR) were analyzed. Results: A total of 160 courses of VIT were administered to 150 patients. The median baseline ST value was 4.3 μg/L. A total of 25 courses (15.6%) were associated with SAR. In 64% of the 25 patients with SAR, the post-IT tryptase value was higher than the pre-IT tryptase level; the median increment was 19% in these patients. We found a significant association between the increase in ST on the first day of VIT and future SARs (risk ratio, 7.6). This elevation was independent of the scheduled VIT day, severity of the SAR, and baseline ST value. Conclusions: A slight increase in tryptase on the first day of VIT is an independent variable that is strongly related to a high risk of future SAR. This simple biomarker could improve patient safety.
Introduction
Tryptase is a chemical mediator produced and secreted by mast cells. Baseline serum tryptase (ST) level correlates with body mast cell load and, in acute allergic reactions, provides a measure of mast cell activation [1] . Several authors have reported an association between hymenoptera venom allergy and elevated baseline ST. Higher levels have been associated with the presence of systemic mastocytosis (SM), clonal mast cell activation disorders (cMCAS) [2] , a risk of severe hymenoptera sting reactions [3, 4] , lower efficacy of venom immunotherapy (VIT) [3] , and an increased incidence of adverse reactions to VIT [5] .
It has been reported that the baseline ST level in patients receiving VIT decreases by 2.5% per year [6] , although the natural tendency in the healthy population is toward a slight increase with age. The ST concentration also seems to exhibit a circadian variation, with slightly higher values in the morning. In this context, a temporary increase in ST in patients who developed systemic reactions after sting challenge has been reported [7] . Consequently, the presence of this slight decrease in baseline ST concentration in patients receiving VIT, in both the long term and the short term, has been associated with successful treatment.
Subcutaneous VIT is highly effective, with a rate of protection against new sting-induced anaphylaxis of around 85%-98% of people treated [8] . Despite this efficacy, systemic adverse reactions (SARs) are common. The rate of SARs with VIT is between 5% and 40% [9, 10] , with one-fifth being severe. The major risk factor associated with SAR is honeybee VIT [11, 12] . Other factors that are potentially related to an increased risk of SAR include female gender [11] , ultrarush protocols [11, 12] , antihypertensive therapy [12] , high basophil allergen sensitivity, Api m 4 sensitization [13] , and a short interval between insect sting and onset of symptoms [14] .
This study was designed to investigate a possible relationship between variation in ST levels in response to initial VIT doses and the development of future SARs during long-term VIT.
Material and Methods
We performed a prospective study in the Allergy Section of University Hospital of Guadalajara, Guadalajara, Spain. The period of analysis was from January 2008 to April 2016. The study was approved by the local ethics committee.
Patients
Patients of any age diagnosed with hymenoptera venom allergy who agreed to start VIT and continue receiving it for at least 6 months were included. Patients who dropped out before month 6 of VIT without having experienced a SAR were excluded.
Hymenoptera venom allergy was diagnosed according to the recommendations of the European Academy of Allergy and Clinical Immunology [15] in their recent guidelines [16] and was based on a detailed clinical history and a complete allergy work-up performed at least 4 weeks after the sting reaction.
The allergy work-up comprised skin prick and intradermal tests for the main hymenoptera venoms (Apis mellifera, Vespula species, and Polistes dominula [ALK-Abelló]), baseline ST (ImmunoCAP tryptase, Thermo Fisher), total IgE (Immulite 2000, Siemens Diagnostics), and specific IgE to Apis species, Vespula species, and Polistes dominula (ImmunoCAP, Thermo Fisher). Patients' clinical and demographic characteristics were collected.
In the case of suspected mast cell disease, a complete bone marrow study was performed to diagnose SM according to the current World Health Organization (WHO) criteria [17] and cMCAS according to published proposals [2, 18, 19] . The REMA score was used as a screening tool for cMCAS [19] .
Venom Immunotherapy
VIT was administered following the recommendations of the European Academy of Allergy and Clinical Immunology subcommittee on insect venom allergy [9] using Apis mellifera, Vespula species, or Polistes dominula venom (Pharmalgen [ALK-Abelló] or Albey [Stallergenes]) according to the individual sensitization profile. Patients received subcutaneous VIT using a build-up cluster schedule [20] (Table 1) comprising several doses per day within a 30-minute interval on 2 nonconsecutive days until a 100-μg dose was reached. This maintenance dose was then administered monthly during the first year and subsequently at increasing time intervals (every 6-8 weeks) until 5 years of treatment were completed. Patients were not pretreated with antihistamines before VIT doses.
All VIT doses were administered in a hospital setting by personnel trained in early recognition and treatment of adverse reactions. On the day of VIT administration, doses and adverse reactions were recorded. SARs were graded in accordance with the World Allergy Organization (WAO) classification as reported by Cox et al [21] . Management of SAR also followed established WAO recommendations [22] . In patients who experienced a SAR, pretreatment with antihistamines (alone or combined with oral corticosteroids) was administered before subsequent doses.
Measurement of Serum Tryptase
Blood samples were obtained on the first day of VIT to measure tryptase before the first dose (pre-IT tryptase) and 90-120 minutes after the last dose (post-IT tryptase). 
Results

Sample Profile
Patients
A total of 155 patients started VIT. Five patients were excluded: 2 dropped out before month 6 of VIT without having had a SAR, and the other 3 had received VIT for less than 6 months at the end of the study. The final sample comprised 150 patients (106 men and 44 women, with a median age of 45 years [35-55.7 years] ). Nine patients were diagnosed with SM or cMCAS (6%; 95%CI, 2.2%-9.8%). Clinical and demographic data are summarized in Table 2 .
Baseline tryptase
The median baseline tryptase value of the sample was 4.3 μg/L (3.1-5.4 μg/L). In 4 patients, the tryptase levels were pathologically high (>11.4 μg/L), and in 1 case the tryptase level was >20 μg/L (minor diagnostic criteria for mastocytosis).
Insect sting
Given the high frequency of beekeeping in our area, bees were the hymenoptera species most frequently associated with sting reactions (43%).
Both serum samples were stored at 4ºC when measurements were performed on the same day or at -20ºC if the analysis was performed on another day. The time interval between the 2 blood draws was 3-3.5 hours (first blood sample at 08:30-09:00 hours and the second at 11:30-12:00 hours). Both serum samples were analyzed simultaneously in the same assay (ImmunoCAP Tryptase, Thermo Fisher). SARs and their association with patients' baseline tryptase, pre-IT tryptase, and post-IT tryptase levels were evaluated. Tryptase concentrations exceeding 11.4 μg/L (95 th percentile for healthy nonallergic individuals, as determined by the manufacturer) were considered elevated. The interassay variability of the tryptase technique was estimated to be ≤5% (manufacturer's data).
Statistical Analysis
Quantitative variables are presented as median (IQR). Categorical variables are shown as percentages. Bivariate analyses were performed using the  2 test and the MannWhitney test for assessing differences between groups with and without SAR. P values less than .05 were considered significant. When significant differences were found, the risk ratio (RR) was estimated. All statistical analyses were performed using IBP SPSS Statistics for Windows, Version 20.0 (IBM Corp). 
Tryptase
There was no significant association between SAR and baseline tryptase levels (median tryptase was 4.2 μg/L in the SAR group vs 4.7 μg/L in the non-SAR group; P=.24). We found no differences using a cut-off point of 5 μg/L (40.8% in the SAR group vs 33.8% in the non-SAR group, P=.23) or using a cut-off point of 11.4 μg/L (1.5% in the SAR group vs 8% in the non-SAR group; P=.055).
However, in 16 out of 25 patients (64%; 95%CI, 45.2%-82.8%) who developed SAR, the post-IT tryptase value on the first day of VIT was higher than the pre-IT tryptase value (Figure) . The median increase in tryptase was 19% in these 16 patients, although only 5 of them developed a SAR on that day, and 4 out of these 5 patients had a grade 1 reaction. We found
Venom Immunotherapy
A total of 160 VITs were administered. Ten patients received double VIT: in 8 double-sensitized patients because it was not possible to identify the culprit insect (Polistes and Vespula), and in 2 patients who developed systemic allergic reactions with 2 different hymenoptera stings (Apis and Polistes).
Tryptase was measured on the first day of VIT in 158 treatments; compared with the pre-IT tryptase value, levels decreased after the 4 doses of VIT (post-IT tryptase) in 87% of the treatments. The average percent decline was 11.2%.
Systemic Adverse Reactions to Immunotherapy
A total of 56 systemic adverse reactions were recorded in 25 VITs (15.6% of total VITs) administered to 25 patients (21 men and 4 women, with a median age of 46.7 years). Fourteen of the 25 patients experienced a single SAR. Most of these patients (76%) were receiving bee VIT, compared with 37% of bee VIT in the non-SAR group (P<.001).
Severity and Timing of the Reaction
Half of all SARs were grade 1 (52%), with no need for treatment in 45%. Severe reactions (grades 3 and 4) accounted for 21.4% of all SARs (10 patients; 6.25% of all VIT). Onset of SAR was during the build-up phase in 18 of the 25 patients (72%). Of the 56 reactions, 46.4% took place during the buildup doses and 53.6% during the maintenance doses (Table 3) in 18 and 12 patients, respectively. Five patients developed SAR during both the build-up and the maintenance phases. Ten patients experienced a SAR on the first day of VIT: 9 experienced a single SAR and 1 patient experienced 2 reactions (cutaneous pruritus with 2 doses). Nine of these SAR were grade 1, as shown in Table 3 .
Clonal Mast Cell Activation Syndrome
Three patients diagnosed with cMCAS or SM received bee VIT and 6 received vespid VIT (1 patient was treated with both Vespula and Polistes VIT). All 3 bee venom-allergic patients developed SAR: 2 had severe grade 4 reactions, and 1 had a mild reaction (facial flushing). Only 1 out of 6 vespid VIT in patients with cMCAS experienced a SAR (14%). Altogether, 4 out of 10 VITs (40%) administered to the 9 a significant association between a slight increase in tryptase level on the first day of VIT and the development of future SAR (RR, 7.6; 95%CI, 3.7-15.5; P<.001) ( Table 4 ). Such an increase was independent of the day of symptom onset, the severity of the SAR, and the baseline ST value. Conversely, in patients who did not develop SAR, a mean 12% decrease in ST concentration was found when post-IT and pre-IT tryptase values were compared. In fact, when post-IT tryptase values were higher than pre-IT values, the average rate of SAR was 53% compared with only 7% in patients whose post-IT tryptase values were unchanged or lower than pre-IT values (P<.001). There were no significant differences in tryptase behavior between patients with and without cMCAS.
Venom
Analysis of different venom types revealed a higher risk of SAR in patients receiving bee VIT (RR, 7.8; 95%CI, 3.58-17) than in those receiving vespid VIT (RR, 0.42; 95%CI, 0.18-0.99) (P<.001).
Discussion
In this study, we report the results of an analysis of variations in tryptase levels on the first day of VIT and the association with SAR during VIT. Serum tryptase is a good marker of individual mast cell load or mast cell activation at a specific point in time [1] . The current standard assay for ST measures both inactive tryptase (pro-α/β-tryptase, which reflects genetic factors and individual mast cell load) and mature active β-tryptase, (which is stored in mast cell granules and released upon mast cell activation) [23, 24] . Baseline tryptase value was not associated with SAR in our study, even when different cut-off points were considered; no differences were detected with a cut-off point of 5 μg/L (P=.23) or a cut-off point at the upper limit of normal, 11.4 μg/L (P=.055). Several studies have associated elevated baseline ST levels with the occurrence or likelihood of SM [25, 26] , a higher risk of severe sting reactions [3, 5] , and an increase in SAR to VIT [27] . Low levels have been associated with alcohol consumption [27, 28] . Elevated ST levels have been reported in 7%-11% of patients with hymenoptera venom allergy [2, 4] . In our sample, only 4 patients had an ST level >11.4 μg/L (2.6% of all VITs); this rate is clearly lower than those described by other authors. Only in 1 patient was ST above 20 μg/L, a value that is considered a minor criterion for mastocytosis according to the WHO [17] . As the diagnosis of SM and/or cMCAS was proven in 9 patients through a bone marrow biopsy, we can state with certainty that baseline ST level is not a useful predictor of cMCAS in the present study population, as previously described [2, 18] . cMCAS is sometimes an early stage of indolent types of SM, with a lower mast cell burden. Consequently, baseline ST levels might be normal. Therefore, clinical suspicion is mandatory for diagnosis [18, 19] . Lifelong immunotherapy is recommended for these cMCAS patients [29, 30] .
Separate analysis of bee and vespid VIT revealed a significant association with SAR to venom; all patients with cMCAS who were treated with bee VIT experienced SAR, compared with the 14.3% of reactors to vespid VIT (P=.004). While the small number of patients with mastocytosis or cMCAS in our study (6 patients: 3 received bee VIT and 6 vespid VIT) precludes further conclusions, it seems that SAR should only be expected in patients with SM treated with bee VIT, in contrast with data from Central Europe, which associated SAR with vespid VIT [5] . Based on these results, we administer cromoglicate to patients with a high suspicion of cMCAS prior to the onset of VIT, especially when they receive bee VIT.
Although baseline tryptase value was not associated with SAR in our sample, we did find very significant differences with respect to tryptase variations on the first day of VIT. A significant decline in baseline ST of about 2.5% per year has been reported during VIT [6] . Conversely, in healthy individuals, ST increases linearly with age by about 1.3% per year [4] . In the present study, we found a similar decline on the very first day of VIT in 87% of treatments, in which the pre-IT tryptase value was higher than the level recorded after the fourth VIT dose (post-IT tryptase). In our sample, we found a median reduction in ST of 12% on the first day of VIT in patients who did not have SAR compared with a median increase of 19% in those who developed SAR (P<.001). DugasBreit et al [7] measured ST at 20 minutes, 90 minutes, and 18 hours after a sting challenge test in 20 patients and found a significant drop in ST from baseline levels both at 20 minutes (-18%) and 90 minutes (-30%) after the sting in patients who did not develop a SAR, with a return to baseline levels at 18 hours. The results were similar in controls who had not been stung. The one patient with a mild post-sting SAR showed a slight increase in ST concentration from baseline. The authors concluded that this ST decrease in patients receiving VIT could Abbreviations: cMCAS, clonal mast cell activation syndrome; RR, risk ratio; SAR, systemic adverse reaction; Tryptase increase: Tryptase value on the first day of VIT after the last dose is higher than the value prior to the first dose.
represent a natural circadian variation with lower levels in the afternoon and higher levels in the morning and suggest that a slight decrease or unchanged ST concentration after challenge are associated with successful therapy. The decrease in tryptase concentrations on day 1 of VIT in the nonreactors seems to be a reflection of the normal circadian decrease. It is noteworthy that all blood samples were collected in the morning, with a 3-to 3.5-hour time interval between them, while Dugas-Breit et al [6, 7] collected the first blood sample in the morning (at 09:00) and the second in the afternoon (between 14:20 and 15:20) . In both studies by these authors, as in our study, the decrease in ST was found to be independent of the initial baseline tryptase value. As for underlying mechanisms, VIT induces a tolerant state in peripheral T cells that is initiated by the actions of mediators such as IL-10 [31] . It has been postulated that IL-10 may also decrease mast cell density and growth and might thus reduce baseline ST during VIT [32, 33] . While an increment in IL-10 levels 24 hours after initiation of VIT has been reported [34] , the exact timing of onset of these changes is not known; it seems speculative to think that IL-10 can play a role in this early decrease in tryptase.
These variations could actually be a consequence of circadian changes, and it was clearly demonstrated in our study, as in previous investigations, that such changes are observed in both the short and the long term and that this finding is desirable as a reflection of good tolerance to treatment and of VIT efficacy.
We observed that this downward trend is reversed in most patients who develop SAR during VIT, regardless of the day of onset, even with grade 1 reactions. In anaphylaxis, the proportion of elevated tryptase values has been described as low in grade 1 reactions (0%) and grade 2 reactions (4%) [35] . In fact, in the present study, a pre-IT tryptase value that was lower than a post-IT tryptase value was the major risk factor for SAR (RR, 7.6; 95%CI, 3.7-15.5; P<.001). The risk ratio increases to 7.8 in bee venom-allergic patients (95%CI, 3.58-17; P<.001).
It would be of interest to obtain accurate details on the behavior of β-tryptase, as well as of other mast cell markers, such as chymase and carboxypeptidase. Perhaps this would clarify the pathophysiological mechanisms responsible for our findings.
Conclusions
We conclude that an increase in tryptase levels on the first day of VIT is an independent variable that is strongly associated with a high risk of future SAR. It is independent of the day VIT is scheduled, SAR, the severity of the reaction, and the baseline tryptase value.
Recording variations in tryptase in response to VIT is a simple biomarker that could improve patients' safety.
The presence of SM or cMCAS is a risk factor for developing SAR with VIT and was related to bee VIT in our study.
